Introduction
Traditional medicines are continuously increasing in their status, and show that there are some features, which are unique to them, contributing to both efficacy and safety (Nanjan, 2010) . In recent years, special attention has been given to alternative natural bio-remedies to cure different diseases (Šavikin et al. 2013 ) because of their less or no side effects, high efficacy and low cost.
Sempervivum tectorum L. (Crassulaceae), known as houseleek, is an evergreen plant with perennial root, crowned with imbricated fleshy leaves, which are smooth on both sides and ciliated at the margin, with the stem rising from the center of the tuft of leaves and terminated with a cymose corymb flowers (Muselin et al. 2014) . Its use in the treatment of ear inflammation in Serbian folk medicine has been reported (Šavikin et al. 2013) , having also an antinociceptive activity (Alberti et al. 2012) . Fresh juice from squeezed leaves of S. tectorum is used as a folk medicine almost exclusively for external purposes. It can be spread as a pack on wounds, sores, burns, and abscesses and also on painful areas attacked by gout as a refrigerant and astringent. Drinking tea prepared from leaves of S. tectorum is recommended for ulcer treatment (Bremness, 1996) .
Otitis is a general term used to describe inflammation or infection of the ears. Otitis is classified as otitis interna, otitis media and otitis externa, depending on it affects inner ear, middle ear and outer ear and canals, respectively (NIDOCD, 2006) . Otitis media is linked to inflammation of the middle ear, which often begins when infections that cause sore throats, colds, or other respiratory or breathing problems spread to the middle ear (Berman et al. The aim of this study was first to investigate folk use of Sempervivum tectorum in Vranje area, southern Serbia. After the data about the use in folk medicine were obtained, chemical characterization of the squeezed S. tectorum juice was analyzed by HPLC-DAD-ESI/MS.
Since the fidelity level revealed the most frequent use of S. tectorum for ear inflammation, bacteria were isolated from several patients suffering with otitis. Antimicrobial activity of S. tectorum juice was tested against the isolated bacteria. Furthermore, influence of the juice was tested against certain quorum-sensing-regulated functions in Pseudomonas aeruginosa clinical isolate.
Material and Methods

Ethnopharmacological investigation
Study area
Vranje is administrative, health care, educational and cultural center of Pcinja district, located in southern Serbia. The City of Vranje covers the space of 860 km 2 . Vranje is the economic, political and cultural center of Pčinja District consisting of Bosilegrad, Bujanovac, Vladičin
Han, Preševo, Surdulica, Trgovište and Vranje municipalities. The city is located in the southwest of Vranje valley, on the left bank of the South Morava River (Figure 1 ). All the participants interviewed were living in the municipality of Vranje or surrounding villages.
Ethnopharmacological survey
The survey was performed using semi structured questionnaires via a face-to-face interview and circulating these questionnaires among cross section of people above 20 years of age; 212 filled up reports were collected visiting the Vranje area in southern Serbia. A questionary in Serbian language was prepared about the use of Sempervivum tectorum L. (Crassulaceae)
by the local people in Vranje area. All the respondents were aware of the present investigation and have signed the informed consent. The survey was conducted during two months. The survey covered different age groups of both the sexes, whose gender, age, educational background, professional status and knowledge on the use of S. tectorum were also documented. Each participant was interviewed separately to generate data on diseases, regarding the treatment through medicinal plant Sempervivum tectorum. The record of questionnaires used included the following information: (a) the local name, (b) part of the plant used, (c) method of preparation, (d) mode of application, (e) ethnomedicinal uses.
Fidelity level (FL) was applied for diseases or ailments that were reported (Sarma and Devi, 2015) . It is a ratio of informants claiming the use of a plant species for a particular purpose (Np) and number of informants using the plant to treat any disease (N). It was calculated by the expression: and gently pressed to obtain juice. Then, the juice was filtered through Whatman No. 4 paper and further kept at -20 °C prior to lyophilisation. The sample was lyophilized (LH Leybold, Lyovac GT2, Frenkendorf) in order to obtain crude mass of juice that was used for further experiments.
Phenolic compounds extraction and analysis
Phenolic extraction was performed using the squeezed and lyophilized S. tectorum juice (0. Technologies, Santa Clara, CA, USA) as previously described by the authors 
Organic acids extraction and analysis
Organic acids were determined using ultra-fast liquid chromatography coupled to a photodiode array detector (UFLC-PDA). Samples (~0.5 g) were extracted by stirring with 10 mL of meta-phosphoric acid (25ºC at 150 rpm) for 25 min and subsequently filtered through Whatman No. 4 paper. Before analysis, the sample was filtered through 0.2 µm nylon filters . The analysis was performed using a Shimadzu 20A series UFLC (Shimadzu Corporation, Kyoto, Japan). Separation was achieved on a SphereClone (Phenomenex, Torrance, CA, USA) reverse phase C 18 column (5 µm, 250 mm × 4.6 mm i.d.)
thermostatted at 35 ºC. The elution was performed with sulphuric acid (3.6 mM) using a flow rate of 0.8 mL/min. Detection was carried out in a PDA, using 215 and 245 nm (for ascorbic acid) as preferred wavelengths. The organic acids found were quantified by comparison of the area of their peaks recorded at 215 and 245 nm with calibration curves obtained from commercial standards of each compound: ascorbic acid (y=1E+08x+751815; R 2 =0.999); citric (y=1E+06x+16276; R 2 =1); fumaric acid (y=148083x+96092; R 2 =0.999); malic acid (y=863548x+55571; R 2 =1); oxalic acid (y=9E+06x+377946; R 2 =0.998); succinic acid (y=603298x+4994.1; R 2 =1). The results were expressed in mg per g of dry weight (dw).
Antimicrobial activity
Microorganisms
Bacteria used in this study were collected and cultured from the ear swab of the patients suffering from otitis. All samples were collected using standard microbiological techniques in the Microbiological laboratory of the Institute of Public Health, Health Center Vranje.
Bacteria were isolated and identified using standardized microbiological techniques. Isolated clinical bacteria from ear swabs were: Proteus mirabilis (1 isolate), Pseudomonas aeruginosa
(2 isolates) and Staphylococcus aureus (1 isolate). Staphylococcus aureus (ATCC 6538) and
Pseudomonas aeruginosa (ATCC 27853) were used for the comparison of activities with clinical isolates.
Antibacterial activity
The antibacterial assay was carried out by a microdilution method (CSLI, 2009 ). The bacterial suspensions were adjusted with sterile saline to a concentration of 1.0×10 5 CFU/mL. and Ampicillin (Panfarma, Belgrade, Serbia) were used as positive controls (1 mg/mL in sterile physiological saline). Five percent DMSO was used as a negative control.
S. tectorum juice was dissolved in
Antiquorum (AQ) sensing activity.
P. aeruginosa used in this study was a clinical isolate. Bacteria were routinely grown in Luria-Bertani (LB) medium (1% w/v NaCl, 1% w/v Tryptone, 0.5% w/v yeast extract) with shaking (220 rpm) and cultured at 37 °C.
Filter paper discs were impregnated with tested juice solutions (subMIC; 0.30 mg/disc, 0.15 mg/disc, 0.07 mg/disc), streptomycin and ampicillin (subMIC; 0.5 MIC, 0.25 MIC and 0.125 MIC; 0.1, 0.05, 0.025 mg/disc for streptomycin and 0.4, 0.2 and 0.1 mg/disc for ampicilin) to determine whether they have antiquorum activity against bacteria and impair bacterial growth. To do this, filter paper (filter paper 4 mm; Whatman) was used. Discs were soaked in the indicated solutions, then dried at room temperature (3 h, protected from light), and aseptically placed onto the plates prior to bacterial inoculation. After incubation, it was recorded whether the inhibition or antiquorum zones were obtained (Petrovic et al. 2014) .
Twitching and flagella motility
After growth in the presence or absence of juice, the cells of P. aeruginosa (clinical isolate)
were washed twice with sterile PBS and resuspended in PBS at 1 x 10 8 cfu/mL (OD of 0.1 at 660 nm). Briefly, cells were transferred into a nutrient agar plate with a sterile toothpick and incubated overnight at 37° C. Plates were then removed from the incubator and kept at room 
Influence of S. tectorum on pyocyanin production in P. aeruginosa
Overnight culture of P. aeruginosa PA01 was diluted to OD 600 0.2. Then, tested juice (250 µL dissolved as 0.5 MIC, 0.25 MIC and 0.125 MIC) was added to P. aeruginosa (4.75 mL) and incubated at 37 °C for 24 h. The treated culture was extracted with chloroform (3 mL), followed by mixing the chloroform layer with 0.2 M HCl (1 mL). Absorbance of the extracted organic layer was measured using the UV-visible spectrophotometer (UV1601, Shidmazu, Kyoto, Japan) at 520 nm (Petrovic et al. 2014 ).
Results and Discussion
Ethnopharmacological uses of S. tectorum in Vranje area
Although the literature published previously (Šavikin et al. 2013 ) revealed the use of S.
tectorum in traditional medicine in some parts of Serbia (only for ear pain relief), ethnopharmacological investigation on the use of S. tectorum in the southern Serbia was not previously reported. tectorum leaves with honey and lemon juice. Although with low FL, stomachache and ulcer are claimed to be treated with S. tectorum leaves prepared in the form of tea.
Chemical characterization of S. tectorum juice
The phenolic profile of Sempervivum tectorum leaves juice, recorded at 370 nm is shown in Figure 2 ; peak characteristics, tentative identities and quantification are presented in Table 2 .
In global, eight phenolic compounds were detected being all flavonol derivatives, most of them derived from kaempferol possessing different patterns of sugar substitution ( Table 2 ).
The presence of kaempferol derivatives as major phenolic compounds in S. tectorum leaves was also reported by Abram and Donko (1999) and Alberti et al. (2008 Alberti et al. ( , 2102 . tectorum from Hungary by Alberti et al (2008 and and tentatively identified as rutin (i.e., quercetin-3-O-rutinoside). However, comparison with a rutin standard showed that the compound detected in our samples showed different chromatographic retention, so that it was just identified as a quercetin-O-deoxyhexosyl-hexoside.
Peaks 2 and 4-8 were identified as kaempferol glycosides based on their UV spectra and the production of an MS 2 fragment at m/z 285. Among them, only peak 8 was positively identified as kaempferol-3-O-glucoside according to its retention, mass and UV-vis characteristics by comparison with a commercial standard. A kaempferol hexoside was also reported in S. tectorum leaves by Alberti et al. (2008 Alberti et al. ( , 2012 , although its precise identity was not given.
Mass characteristics of the majority peak 2 ([M-H] -at m/z 739) indicated that it corresponds
to a kaempferol derivative bearing two deoxyhexosyl and one hexosyl residues. The observation of MS 2 fragments at m/z 593 (-146 u) and 431 (-308 u) indicated the alternative loss of deoxyhexose and deoxyhexosyl-hexose moieties, respectively, pointing to each of those residues are located at a different position onto the aglycone. A compound with the same characteristics was also reported by Alberti et al. (2008 Alberti et al. ( , 2102 From the mass spectra no information can be obtained about the nature and position of substitution of the sugar moieties, although, by analogy with peak 2, the positions 3 and 7 could be suspected for the location of the glycosyl substituents, and the hexosyl and and deoxyhexosyl residues might correspond to glucose and rhamnose. Compounds with similar mass characteristics as peaks 4-7 were also found in leaf juices of S. tectorum samples by Alberti et al. (2012) , although no identity of the type of sugars and substitution location was offered, either.
Furthermore, organic acids composition of the sample was investigated and the results are presented in Table 3 . Malic acid was found as the major organic acid present in the sample with 138 mg/g dw, followed by citric (63 mg/g dw) and succinic (42 mg/g dw) acids. Oxalic, ascorbic and fumaric acids were also identified ( Table 3) in lower amounts (less than 1 mg/g dw). The concentration of the total organic acids was 202 mg/g dw. Previous data have shown that juice squeezed from S. tectorum contained citric (up to 20 mg/mL) and malic (up to 14 mg/mL) acids, as also ascorbic acid (205 mg/kg of fresh leaves), all determined by RP-HPLC (Sentjurc et al. 2003) . Our results are in agreement with previous findings stating that organic acids in Crassulaceae family can be represented with more than 20% of dw (Pucher, 1942) .
Antimicrobial activity of S. tectorum juice
In order to scientifically confirm the effectiveness of S. tectorum traditional use, we have further evaluated its antimicrobial and anti-quorum activities. Since the highest FL was reported for the use of S. tectorum juice in ear pain (otitis) issues, bacteria isolated from patients suffering otitis were used in antimicrobial tests. Although ear inflammation and pain might have different causes, the most frequently linked to otitis are bacterial infections (Rashid et al. 2014) . Furthermore, previously reported antinociceptive activity (Alberti et al. 2012 ) might play a significant role in pain relief. The leading cause of otitis -bacteria isolated from ear swabs and their susceptibility to S. tectorum juice were not previously investigated. Table 4 Gao et al. 2012) . The same study showed the activity of citric and succinic acids with MICs of 1.667-6.667 mg/mL against tested bacteria. Though, our study has shown that antimicrobial action of S. tectorum juice could be attributed to a possible synergistic action among the identified compounds.
Inhibition of the growth of selected food spoilage-related microorganisms in the presence of 5% addition of homogenized fresh leaves of S. tectorum L. in the culture media was reported previously (Abram and Donko, 1999) . That study showed that the growth of S. aureus (94.5%) and Bacillus cereus (92.1%) was the most strongly inhibited, while the growth of Geotrichum sp. (60.0%) and Enterococcus faecalis (57.5%) was moderately inhibited, and that of Escherichia coli (9.3%) and Proteus morgani (5.1%) slightly inhibited (Abram and Donko, 1999) .
Anti-QS activities of S. tectorum juice on Pseudomonas aeruginosa
The flask incubation assay was used to quantify quorum sensing inhibitory activity of the S.
tectorum sample. The tested juice demonstrated a concentration-dependent pyocyanin inhibitory activity and showed reduction of the pigment at all the assayed concentrations (0.5 MIC, 0.25 MIC and 0.125 MIC) ( Table 5 ).
In addition to QS, the initiation of biofilm formation by P. aeruginosa depends on two cellassociated structures; the flagellum and type IV pili. The flagellum is responsible for swimming motility while the type IV pili are responsible for twitching motility. Both types of motility are important in the initial stages of biofilm formation by P. aeruginosa (Henrichesen, 1972; O'Toole et al. 1998) . Therefore, determination of the juice influence on both motilities was investigated. The motile P. aeruginosa strain was used as standard (control) for motility on swimming plates. In the absence of the juice, the colonies of P.
aeruginosa were flat with a rough appearance displaying irregular colony edges ( Figure 3D) and a hazy zone surrounding the colony. After 2 days of incubation at ambient temperature, colony expansion occurred very rapidly due to twitching motility ( Table 5 ). Bacteria that were grown in the presence of the S. tectorum juice were incapable of producing such a twitching zone and had almost round, smooth, regular colony edges ( Figure 3A-C) ; the flagella were reduced completely at 0.5 MIC ( Table 5 and Figure 3A) , while the samples treated with 0.25 MIC and 0.125 MIC showed reduced flagella shapes both in size and number (Table 5 and Figure 3B and 3C) , and the diameter of the colony swimming zones was also reduced ( Table 5 and Figure 3A-C) . Streptomycin reduced the flagella completely ( Figure 3E ).
Conclusions
Ethnopharmacological survey revealed the use of S. tectorum in southern Serbia for the treatment of ear pain, warts, cancer, stomachache, ulcer and high blood sugar level, with the highest fidelity level for the ear pain. Total organic acids 202±2 dw-dry weight. Table 4 . Antimicrobial activity of Sempervivum tectorum leaf juice and positive controls against bacteria causing ear infection (mg/mL). 
